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Situation at ESRF

Microfocus = ID13

o « MX Group : 6 operationnal
ID13: multi disciplinary beamlines:

beamline — 3 fixed wavelength
— Not optimized for MX (no 9
attenuators, setup change, * |D14-ehl
etc... e |D14-eh2
— Not enough beamtime for MX e |D14-eh3
users (see diamond microfocus — 3 MAD
beamline project 20% ID13 . ID14-eh4
beamtime for PX page 4, ) €
» |D23-ehl (focused beam ~ 60
m)
_ _ « ID29 (focused beam ~50-40 m
ID13: going to sub-micron + In Vacuum ID)
beam but still a need for a 10 to
30 um beam

No microfocus beamline
dedicated to MX at ESRF ID23-2



ID23-2 objectives

» Expected focus : 5 to 10 um beam, with the possibility to defocus
the beam,

* As similar as possible to the other ESRF MX beamlines,
 Easy to align, easy to operate

e Being able to solve a structure from a ~ 5x5x5 pums3 crystal.



Choices

Stability : the optic should be simple and easy to align:
— primary slits + monochromator + secondary slits + focusing element,

— Fixed wavelength (0.875 A, ~14.2 keV), side diffracting
monochromator.

Maximum support from ESRF support groups:
— SPEC, stepping motors (DPAP-VPAP),
— Focussing: KB mirrors (multilayer).

Fully dedicated to macromolecular crystallography
standard MX ESRF setup:

— MD2M modified + sample changer,

— Similar experimental hutch (cryo, slit box, attenuators),
— CCD detector.



Some dates

July 2001 : start of the ID23 project (E. Mitchell, T. Mairs, S.
McSweeney, P. Lindley)

January 2002 : ID23 received first round funding
End 2003: first users on ID23-1

September 2004: beginning of ID23-2 construction
27" October 2004 : very first beam

28" November 2004 : first data

February 2005 : KB installation

June 2005 : MD2M installation

End of September : detector installation (Mar225)
14th Nov 2005 : first users on ID23-2 (50 % beamtime)
2006: full « user mode ».



ID23: principles

A e canted undulators
ID23-2 o 2 almost independent
e i end stations :
Undudator U35 ID23-1 — ID23-1 for MAD

— 1D23-2 for microfocus

Two totally independent beams. Disadvantage: lower intensity. One

Closing one undulator has no effect on the  undulator per beamline.
other beam.



ID23 layout

e Source-monochromator: 30 m

e Source-secondary slits: 40.9 m
e Source KB: 43.15

» Source-sample: 45.15m




Primary slits




Monochromator




Focusing Mirror: a KB system

2 X (300x40x15) mm? long Pt
coated Si mirror, 260mm
usable

Distance vertical focusing (VF)
mirror-sample: 2.2m

Distance horizontal focusing
(HF) mirror-sample: 1.8m

Incidence angle: 3.9 mrad

Orthogonality: ~1 m

Real slope error: 0.69 nrad
(VF) and 0.36 nrad (HF)

Re: 1072 m (VF) and 884.3 m
(HF)
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Measurement : absorption scan with a W wire (200 nm diameter)
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First results

Beam size larger than expected, with an important tail,

Problem to recover the beam after “warm-up + cooling-down” cycle
of monochromator crystal,

new design to clamp and to cool the monochromator crystal +
new crystal (no asymmetric cut, machined).



New monochromator crystal (Oct 2005)

i
e
-
——

New design Old design



Monochromator Beam Shape

(primary slit gap = 0.25 mm, secondary slit gap = 0.1 mm)
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Horizontal knife edge  (with the new monochromator cristal)
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Measurement : absorption scan with a W wire (200 nm diameter)



Verical knife edge (with the new monochromator cristal)
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Measurement : absorption scan with a W wire (200 nm diameter)



Beam pictures (sample position) with the new
monochromator crystal

10% transmission

100 % transmission




Mirrors (Jan 2006)




Horizontal knife edge (with the new monochromator cristal)
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Measurement : absorption scan with a W wire (200 nm diameter)



Vertical knife edge (with the new monochromator cristal)
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Exemple of problems we encountered

vibration from the experimental setup (Oxford Cryosystem)

Beam position (center of mass- sony HR50 camera)
25

Unknown event
5 ]

L wl'li

pixel

coniill [

-2.5 1

Cryo 700 pump on Cryo 700 pump off

time (s)

1 pixel ~ 4.8 microns
Caution:

- X-ray camera (located on the exp table) and KB mirrors are on two different supports

vibrations from ground
(measured as up to 2 nm vertically; not surprising at ESRF) could have affected the beam position measurement
- Measure = beam position, not the focus  lack of one important information.




Experimental Setup (autumn 20006)
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The control cabin




Beamline Control Software

« SPEC

« Beam focussing: BeamFocus (wave front analysis)

 Beamline control : EXES_Control Panel
e Crystal centering & Data Collection : MX_CuBE

« Shutter diagnostic + integrated count



Beam Focusing



Exes Control Panel



Crystal centering & Data Collection

Exes_hutch + ProDC



Crystal centering & Data Collection

MX_CuBE



Shutter diagnostic



Resolution

limit

4.78
3.39
2.77
2.4
2.15
1.96
1.82
1.7
1.6

total

Number of reflections

observed

3814

6593

8902
10159
11755
13155
14363
15202
15955
99898

unique

942
1690
2222
2591
2975
3329
3660
3913
4169

25491

posssible

1167
1958
2503
2905
3292
3609
3920
4167
4457
27978

BT crystal

Completeness

of data

80.70%
86.30%
88.80%
89.20%
90.40%
92.20%
93.40%
93.90%
93.50%
91.10%

R factor

observed

2.30%
2.90%
4.00%
5.00%
5.10%
4.80%
5.80%
7.50%
9.70%
4.10%

R-factor

expected

3.60%
3.60%
3.80%
4.20%
4.60%
5.10%
6.40%
8.60%
11.50%
4.50%

Compared

3699
6345
8567
9808
11399
12785
13955
14774
15479
96811

I/sigma

35.33
34.76
31.49
26.85
24.25
21.72
17.21
13.13
10.18

20.9

R-meas

2.60%
3.30%
4.50%
5.80%
5.80%
5.50%
6.60%
8.60%
11.20%
4.70%

Rmrgd-F

1.40%
1.90%
2.60%
3.70%
3.90%
3.90%
4.90%
7.00%
9.10%
4.00%



ID23-2 objectives

 Expected focus : 5 to 10 um beam, with the possibility to defocus
the beam ,

* As similar as possible to the other ESRF MX beamlines,

« Easy to align, easy to operate,

* Being able to solve a structure from a ~ 5x5x5 pm?3 crystal.  to be
done



Futur developments

1st run 2006 : user operation / full time

beam cleaning aperture , integrated scintillator , cryo pump to
be moved out the EH.

Under investigation : how to focus easily on the detector?
possible : KB retro-fit (multilayers + INVAR)

Nanospindle (SOC less than ~500 nm, beam ~ 1nm)
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